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“*Hawalii's mo=st innovative ocean scisence and technology park”™

Welcome to the
NMatural Enerqgy Laboratory
of Hawaii Authority

Learn how NELHA and its
business and research partners

are using sunshins,
scawaber and ingomnuiby

o bring economic
development and diversity
to the State of Hawaii.

Highest Solar Insolation (Coastal USA)

Abundant Cold Sea Water Source (~5C)

Abundant Warm Class AA Sea Water Source (—267C)
Deepest-VWidesit-Longest Pipeline Infrastructurs

Waorld Leader in Algae Technology

Acres of Undevelopeaed Land

Borders International Ajirport

Frese Trade & Enterprise Zones

Culture of Experimentation,. Incubation & Entrepreneurship

nelha.org




NEREA MISSION STATEMENT:

N develop and diversify the Hawal'l
economy.
previding resources and facilities
> _' == for energy and ocean-related
= research, education, and commercial
activities
In an environmentally sound
and culturally sensitive manner.
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SWhat is NELHA?

B-CONOIC DEVELOPMENT AGENCY

"= RESEARCH SUPPORT FACILITY
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— TECHNOLOGY INCUBATOR

e —

— BUSINESS INCUBATOR
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NELE A ContrlbUtlon

® Over 300+ JOBS
(90% privately
funded)

® Over $35 M annual
economic impact

Local Employees  New Skills
Value to the Community
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AAND OTEC

I EN AT UR AL ENERCY LABORATORY HAWAT
AONIEORIMY. [NELHA] AND OCEAN THERMAL
ENERGY.CONVERSION [OTEC] HAVE BEEN
SINFEGRALLY CONNECTED SINCE THEIR

fr__RIGINAL CONCEPTION IN 1974.

THE INTERESTS IN NELHA & OTEC HAVE
DRAWN A DIRECT PARALLEL TO ENERGY [OIL]
COSTS.




Crude oil prices since 1861

Crude oil prices since 1861

US dollars per barrel
World events
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AN ANCIENT MARINER

“Jhe status guo Is too entrenched - the next
generation will benefit from these technologies”

John Craven




NELHA HISTORY.

IR —

SOy NATURAL ENERGY LABORATORY HAWAIF [NELH]
l\/lr\NB BY HAWAI'l FEOR OTEC RESEARCH AND
QEL’* TECHNOLOGIES; —324 ACRES.

)7 '. EARLY MARINE BIOFOULING AND CORROSING
E, PERIMENTS AT KEAHOLE POINT FUNDED BY DOE

__:":1979 MINI-OTEC BARGE AT KEAHOLE POINT
= DEMONSTRATES WORLDS FIRST NET ELECTRICAL
POWER VIA CLOSED CYCLE.

e 1979, WARM SURFACE SEA WATER [SSW]
e 1981, 2000" COLD DEEP SEA WATER [DSW]




V] \ SIVE THERMAL ENERGY RESOURCE

2 TM BASE LOAD POWER - 24/7

ENERGY RESOURCE THAT DOES NOT
COMPETE WITH LAND, FOOD, WATER

 ENERGY SOURCE FOR NH3 / H2
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WHY OTEC?.

R AND COLD OCEAN TEMPERATURES
r\v,a\ [LABLE ACROSS A WIDE AREA OF THE WORLDS
ZQUITIORIAL OCEANS (20-DEGREE N/S)

= If\ 6 FOSSIL FUELS REQUIRED OPERATIONS
= “QND POLLUTION EMITTED TO THE ATMOSPHERE

- " OPEN CYCLE BYPRODUCT: CLEAN WATER

e DSW RETURN FROM OTEC HAS MANY USES, AS
SHOWN AT NELHA




SURFAGE
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OIlEC -

OCEAN THERI\/IAL
ENERGY*CONVERSION

| ?-D'ARSONVAL

1 881 CLOSED CYCLE OTEC CONCEPT PROPOSED BY
' #ﬁm-:nJACQUES D'ARSONVAL

= . —
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e 1930 - 1ST OTEC PLANT MATANZAS BAY, CUBA BY
GEORGES CLAUDE (OPEN CYCLE - NEGATIVE NET
POWER)

e 1979 - MINI-OTEC - WORLD'S FIRST NET POWER
PRODUCING OTEC PLANT (NELH - KEAHOLE POINT
HAWAI’T)
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ONEEH OCEAN THERMAL ENERGY CO_I_}_l_\/ERSION_..

- T e - Eirst net
2> MINI=CIFEEC: T S g . powerUpio

3 15 kW
W gross

= OPEN-CYCLE OTEC:
1993

210 kW




(OJEC AT KEAHOLE Pij2

NEAF JF EAL CONDITIONS EXIST AT KEAHOLE
PO T (DELTA TEMP — 40 DEG F)

- JUJ‘ ACE SEA WATER [SSW], —80 °F, CAN BE TURNED
le.i CTLY. INTO STEAM BY LOWERING THE PRESSURE
SO NEARLY A FULL VACUUM (32”/Hg).

--...- .'_
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i‘_‘“riEEP SEA WATER [DSW] [—40 °F] IS USED TO
-~ CONDENSE THE STEAM OR VAPOR TO A LIQUID.

— THE CONDENSED STEAM IS A SOURCE OF PURE
WATER [OPEN CYCLE]

— THE CONDENSED VAPOR IS RECYCLED [CLOSED
CYCLE]
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SEIE\NAater:

Vallianle Resoukce

Temperature Profile
Temperature, deg C.
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= Most Oceans
¢ 8 deg C at 600 m
¢ 6 deg C at 800 m
¢ 4 deg C at 1000 m
= Nearly Infinite Heat Sink

Depth, meters
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NELHA HISTORY

408 O IOEEREXRPANSIONS@ENESTHIN G PROGRAN

FORCE IOFOULING CORROSION AND
cab) ITERMEASURES OF HEAT EXCHANGERS USING

DDW'&[XﬂN

4 HAWAIFI RECOGNIZES MANY PROFITABLE
,_I—:b AS A BYPRODUCT OF OTEC DSW/SSW

EXPANSION INTO COMMERCIAL USE ON
SEPASR=RWAN(D,

e 1966, HAWAI'l CREATES HAWAI'l OCEAN SCIENCE
AND TECHNOLOGY [HOST] PARK. —547 ACRES
AND VALUABLE INFRASTRUCTURE ADDED TO

NELHA
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DOMMON MENTAGE COnP._
HIBE HEALTH AGUACLL TURE, INC.
HOOFACHIC BEA FANMS

el HOST Park — 1990

TAYLON
LWASMA FISSEREE, D

ds DTS, (547 Acres)

SCALE ™ FEET

NELHA







NELHA HISTOR Y.

IR —

SNIO60) NELH & HOST MELDED INTO NATURAL
EN;‘& GYALABORATORY HAWAI'I AUTHORITY.
"HA]

o 1999, ADDITIONAL BUSINESS ACTIVITIES
ALLOWED AT NELHA TO ENHANCE ECONOMIC
DEVELOPMENT AND GENERATE REVENUES.




N
HA OTEC OPEN CYCLE

rir“- ARCH

/ OC - OTEC
*JENTAL
R PLANT AND
~HEA AT & MASS
- TRANSFER SCOPING
~TEST APPARATUS

(1987 - 1998)
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L Desalinated water




O W E R

Cold Utilization Sub-System Nutrient Utilization Sub-System
=
—
m———_
—=
Energy Utilization Sub-System
Wetlands/Park : i

. ==L I  Discharge

Deep Ocean Water (>2000ft.)

Ambient Surf #e Temperature
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NEREA’S DUAL SEA WATER SY_STEI\/IS_.,..-—

IR —

T IR E SETS OF WARI\/I AND COLD SYSTEMS

- F STRIBUTION PIPELINE ON SHORE RUN IN
: ~ARALLEL TO THE VARIOUS TENANTS

_;_TENANTS REGULATE TEMPERATURES

e SYSTEMS ARE NOT NORMALLY CROSS CONNECTED
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varded 2002 ASCE Outstanding Civil
Engineering Achievement Award

AMERICAN SOCIETY
OF CIVIL ENGINEERS
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- Slele Vié’w /. Offshore
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~QCEAN SURFACE END OF TUNNEL-\
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THERMOHALINE OCEAN
CONVEYOR BEL

jl _—

Great ocean conveyor belt

Arendal unep
GRAFHII DESIGH | PHILIPFE FERADSAOOE

Zaurce: Broedes, 194, in Climabe chiarga 195%, Impacts, adaplolions and miligalion of cimata dhange: seiergfic-technical araly riribution of warking group 2 o tha second assessmaont reped of the
Imbangovemmental parsd on cimate changs, UNEF and Witl, Sambridge pracss univeraity, 1596,
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PIROPUET: BOITLED WATER

> NEW MANUFNCGNCIEINE
JNJUI" EOR ASIAN &
JI\JF ATIONAL MARKET

\}@‘v’ L PRODUCT
= "‘E EV ELOPI\/IENT FROM NELHA
“DEEP SEAWATER

* |NCREASE EXPORTS FROM
HAWAI'I TO ASIA







8MTENDER

14.62 [47.94]

SHOWN IN LOWER POSITION

PATE’NT PENDIN}_’

Sketch of OceanSpar SeaStatlon 3000 at the surface
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PROPUCT: AQUACULTURE®

IN'AN INTEGRATED DSW SYSTEM, DEEP SEAWATER CAN
BE USED TO GROW VALUABLE SEAFOOD PRODUCTS.
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¥/SPE/ CERTIFIED SHRIMP BROODSTOCK
e S STRONGER, MORE RESILIENT GENETIC

\.l" "' .

s L INES DEVELOPED THROUGH
.7 TRADITIONAL BREEDING TECHNIQUES
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EREDUET: CLAMS/OYSTER SRAI

_ Ft"n’
RERONAEOR SALE AFTER
4.5 MONIFE

MURSERY PRODUCTION
=107 PLIVITED BY

= COST EFEECTIVE

PRODUCTION AT
WINTERLESS™ NELHA
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PROPIUCT. COLDWATER ABABONE

—

S A LONE TN SHORT SUPPEY WORLDWIDE

SEOPTIMIZED GROWING CONDITIONS
= WWITHINELHA RESOURCES




SROPUET: MARINE ORNAMENTALS

i

o AQUARIGYNINBIVS
SHECIALTIES WITH
INTERNATIONAL MARKET

B0 AT NELHA PROVIDES
= ---~* __REAKTHROUGHS ON
 CAPTIVE-BREEDING OF
~ HIGH VALUE, POPULAR

SPECIES

sEREPUCE RRESSURE ON
WILD STOCK
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SIROIDUE: NATURAL ASTAXAININEIIN S

OWVIANINUTIRACEUTICAL FROM
l\/l ROALGAE

> P WERFUL ANTIOXIDANT

HEALTH BENEFITS FOR:

~ — CARPAL TUNNEL SYNDROME
— RHEUMATOID ARTHRITIS
— MACULAR DEGENERATION




SOV WEROALG

(G

= —

.;I b} \

HNOREANIGC
MICROALGAE

e HIGHEST GRADE OF SPIRULINA

¢ NUTRIENT=RICH-DIETARY-——
SUPPLEMENT

.= RESEARCH EVIDENCE
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PROPUCT: DSW COLDAGs

A BOOST TO AGRICULTURE: GRAPES GROW TO
HARVEST WITHIN ONLY 120 DAYS, ALLOWING
THREE CROPS PER YEAR.




CEROS

S ihe National Defense Center of
i EXcellence for Research in Ocean
= Sciences

~ New Ocean Technology for Hawai'i
W\WW.CEr0S.0rg




Secure Homing System
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NELHA HISTORY«+
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2004 HAWAL I GATEWAY ENERGY CENTER
(O\ PLETED

= /QE , LANDMARK EVENT, OPERATION OF 55"
= . W PIPELINE COMMENCES SERVICE FROM

F > 2007/8 REP FOR 3 MW RENEWABLE PROJECT

~» 2008, RFP FOR 1 MW OTEC
— INCLUDES PHASE Il VERTICAL 55” PUMPS
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SOLAR CHIMNEY

. HOT AIR IS
N | EXHAUSTED OUT

OUTSIDE AIR IS /
DA IN

. L) 0 Deep

SECTION THROUGH THE GATEWAY
VISITOR CENTER AND SOLAR CHIMNEY
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EN ERGY
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\/\/h\ at NELHA?

T —— i —

el er for Natural Energy development

Crizl
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- ea Weltel Pelivery 1s 60-60% Energy Cost

2 A' ndant Natural Resources
—— _‘ - nghest Solar Insolation in Coastal US
= = Abundant cold = deep water

_,...
= - —-
i l-—'-
-.—"_ e
—: e

:" = — Abundant heat = surface water, solar intensity
— Undeveloped land

— West Hawal'l need
— Majority of Power transmitted from East Side













NELHA
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VISION STATEMENT:
Growing sustainable industries for the 21st century







